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Abstract. The chromosome location of the gene encoding lecting duct of the kidney, was determined. In situ hybridiza- 
aquaporin 3 (AQP3), which functions as a channel for water tion on metaphase chromosomes allowed the assignment of 
and small polar solutes in the basolateral membrane of the col- human AQP3 to chromosome 9p21 —>pl2.
The water permeability of some biomembranes is higher cells by vasopressin, the vesicles fuse with the apical mem- 
than can be explained by diffusion through the lipid bilayer brane, which results in an increase in water permeability and 
alone. These membranes have been shown to contain water- water reabsorption.
selective channels, which are named aquaporins (AQPs). The Recently, the cDNA of another water channel, AQP3, was
aquaporins are members of the MIP family, named after its isolated from the rat (Echevarria et al., 1994; Ishibashi et al.,
first cloned member, the major intrinsic protein of the lens 1994; Ma et al., 1994). In contrast to AQP1 and AQP2, AQP3
(Gorin et al., 1984). This family consists of transmembrane is permeable for nonionic small molecules, like urea and glycer-
proteins which form six bilayer-spanning domains and have ol, in addition to water (Echevarria et al., 1994; Ishibashi etal.,
cytoplasmic amino and carboxyl termini (Preston et al., 1994). AQP3 is present in the basolateral membrane of collect-
1994a). ing duct cells in the kidney and in epithelial cells lining the
In kidney, water channels play an important role in main- colon (Ishibashi et al, 1994).
taining the body fluid balance. The first cloned water channel, In view of the selected tissues in which aquaporins are
AQP1 (AQP-CHIP), is expressed in a wide variety of tissues expressed, dysfunctional aquaporins are expected or shown to
(Preston and Agre, 1991; Nielsen et al, 1993a). In the kidney, cause disturbances in water absorption and secretion, leading
this water selective protein is constitutively expressed in both to clinical symptoms (Shiels and Griffin, 1993; Stamer et al.,
apical and basolateral membranes of cells from the proximal 1994; Keen et al., 1995; Deen etal., 1994; Raina etal., 1995). In
tubule and the descending limb of Henle’s loop, where it order to link a disease with genetically determined AQP3 dys-
accounts for reabsorption of about 80% of the ultrafiltrate functioning, localization of the AQP3 gene within the human
(Nielsen et al., 1993b; Sabolic et al., 1992). genome is necessary. In this study we report the assignment of
A second water channel, AQP2 (AQP-CD) (Fushimi et al., human AQP3 to chromosome 9, region p21 ->pl2.
1993), is located in intracellular vesicles of principal cells of the 
collecting duct (Nielsen et al., 1993c). Upon activation of these
Materials and methods
Supported by grants from the Dutch Science Foundation (NWO-SLW 810-405-16.2), 
the Dutch Kidney Foundation (C93.1299), the Dutch Cancer Society (Koningin 
Wilhelmina Fonds), and the National Institutes of Health (DK-11489).
Received 1 May 1995; revision accepted 5 September 1995.
Request reprints from Sabine M. Mulders, Department of Cell Physiology,
University of Nijmegen, P.O. Box 9101 6500 HB Nijmegen (The Netherlands); 
telephone: 31-80-614207; fax 31-80-540525; e-mail: sabinem@sci.kun.nl.
Isolation o f a human genomic AQPS clone
After digestion of a rat AQP3 cDNA clone (Echevarria et al., 1994) with 
restriction endonucleases Sail and EcoKL, a 1,023-bp fragment containing 
the complete AQP3 coding sequence was isolated. This fragment was labeled 
with [a-32P]dCTP by random priming (Feinberg and Vogelstein, 1983) and 
used as a probe to screen a supercos I human-genomic DNA library (kindly 
provided by Am van de Maagdenberg and David lies, University of Nijm­
egen, The Netherlands). Hybridization was performed overnight at 65 °C in
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Results and discussion
Fig. 1. (a) DAPI-stained metaphase chromosomes showing the localiza­
tion of AQP3 on chromosome 9 by in situ hybridization, using a human 
AQP3 containing cosrnid as a probe, (b) Ideogram of chromosome 9, show­
ing a G-banded pattern, which is similar to a DAPI converted pattern. The was isolated, 
position of the AQP3 hybridization signal on both homologues is indicated 
by a bracket.
Since the coding sequences of AQP1 and AQP2 are well 
conserved between human and rat during evolution (Deen et 
al, 1992; Deen et al., 1994), a cDNA fragment encoding the 
entire rat AQP3 was used as a probe to screen a human 
genomic cosmid library. Through this screening, and subse­
quent rescreenings, one positive clone was identified. DNA, 
isolated from this clone, was digested with Sau3Al and frag­
ments were separated on an agarose gel. A human DNA frag­
ment of approximately 700 basepairs, which hybridized with 
our rat AQP3 cDNA probe, was cloned into pBluescript and 
was subjected to sequence analysis. Comparison of the ob­
tained sequence with that of the rat AQP3 cDNA revealed 86 % 
identity over 112 nucleotides. The deduced 37 amino acids 
were 89% identical with rat AQP3. The coding sequence was 
divided by an intron of 90 basepairs at a similar position as was 
found in the genes for MIP, AQP1 and AQP2 (between exon 3 
and exon 4), indicating that AQP3 might have a similar gene 
structure as MIP, AQP1 and AQP2 (Pisano and Chepelinsky, 
1991; Moon et al., 1993; Van Lieburg et al., 1994). On basis o f  
this data it was concluded that a human genomic AQP3 clone
To assign the AQP3 gene, fluorescence in situ hybridization 
(FISH) was employed. More than 20 metaphase spreads were 
evaluated using the cosmid clone as a probe. In every meta­
phase cell, hybridization signals were exclusively detected on
a solution containing 250 mM POl~ 7% SDS and 1 mM EDTA. After n .
hybridization, filters were washed two times for 20 min in 1 xSSCand0.1%  ^  ^  of the spreads labeling was found on both homologues. 
SDS and two times for 20 min in 0.1 * SSC and 0.1 % SDS at 65 °C. DNA, Therefore, we conclude that the aquaporin 3 gene must b e
chromosome 9 in the region p21 ~»pl2 (Fig 1). In more than
isolated from a hybridization-positive cosmid clone, was digested with located on human chromosome 9p21
restriction endonuclease ¿¡'aw3AI, separated on an agarose gel, transferred to 
a nylon membrane and hybridized with AQP3 as described above. A DNA 
fragment that hybridized with the AQP3 probe was subcloned into pBlue­
script KS+ and subjected to DNA sequence analysis (Hattori and Sasaki, 
1986).
pl2.
•eacmce m . a l io n
For regional localization of the AQP3 gene, fluorescence in situ hybridi­
zation was performed on normal human lymphocyte metaphase ehromo-
Since the identification of the first water channel, it was sug­
gested that malfunction of aquaporins could lead to clinical 
symptoms. Since then, some hereditary disorders have been 
ascribed to dysfunctional aquaporins. MIP, the major intrinsic 
protein of the lens, has recently been shown to exhibit water 
channel properties (Mulders et al., 1995) and mutations in MIP 
have been suggested to be a primary event in the development
somes, using a cosmid, containing human AQP3 genomic DNA, as a probe, of cataracts in mice (Shiels and Griffin, 1993). Intuitively*
Briefly, digoxigenin labeled cosmid DNA (200 ng) was precipitated with 50 x mutations in AQP1 were expected to result in a non-viable
Cot-1 DNA (GIBCO, BRL) and dissolved in 12 \x\ of a hybridization solution h u m a n  phenotype, since A Q P  1 is thought to play an importan t
containing 2 x SSC, 10 % dextran sulphate, 1 % Tween-20, and 50 % tormam- . . . /  P j. ,, , , , , , , . „
ide. The probe mixture was heat-denatured at 80 °C for 10 min, followed by e m  a variety OÍ tissues throughout the whole body. Surpris.—
incubation at 3 7 °C to allow annealing of highly repetitive sequences, ing ly , however, Preston and coworkers (1994b) showed that
Hybridization of this probe to heat-denatured chromosome spreads, under a persons who lack functional AQPl do not exhibit any clinical
1 8 x 1 8  mm cover slip, was done over two nights at 37 °C. After hybridiza­
tion, the slides were washed according to regular FISH protocols (Pinkel et 
al., 1988). The hybridized probe was detected immunohistoehemically using 
one layer of sheep-anti-digoxigenin conjugated with FITC (fluorescein iso­
symptoms. Nevertheless, recent studies indicate that AQPl 
could be involved in disorders of ocular fluid balance (Stamer 
et al., 1994). For example, Keen et al. (1995) suggested AQP l
thioeyanate; dilution 1:20, Boehringer, Mannheim). Afterwards, the prepara- as a candidate gene in dominant cystoid macular dystrophy
tions were counterstained with an anti-fade solution, supplemented with 0.5 
mg/ml DAPI.
Images of metaphase spreads were captured by a cooled high-perfor­
mance CCD camera (Photometries) coupled to a Macintosh II computer.
(DCMD), an eye disease that involves a dysfunction of the reti­
nal pigmented epithelium, since AQPl is expressed in this tis­
sue and DCMD has been mapped to the same locus as the
Separate images ofbothAQP3 hybridizing signals and DAPI-counterstained AQPl gene. Mutations in AQP2 have been reported to cause 
chromosomes were transformed into pseudocolored images using image an autosomal recessive form of nephrogenic diabetes insipidus 
analysis software. For precise localization and chromosome identification (NDI) (Deen et al., 1994; Van Lieburg et al., 1994). Congenital
DAPI-converted banding patterns were generated using the BDS-image™ xm T  • • i  ^ * i • * ^  i
software padcaec (ONCOR, GaithersburgMD>. N D I  15 a  se v e re " " R e n t e d  cUsease m  w h .c h  th e  k id n ey s a r e
impaired in concentrating urine in response to the antidiuretic 
hormone, vasopressin. Dysfunctional AQP5, a water channel 
present in salivary, lacrimal, and respiratory tissues, could b e
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involved in Sjogren’s syndrome, a disease causing abnormal 
low tear and saliva secretion (Raina et al., 1995).
In the apical membrane of cells from the renal inner medul­
lary collecting duct, urea transport by the urea transporter UT2 
(You et al, 1993), as well as water transport by AQP2 (Nielsen 
et al., 1993c), are both stimulated by vasopressin. Since AQP3
is permeable for small solutes and water, it may function as an
exit pathway for both water and urea in the basolateral mem­
brane of collecting duct cells during antidiuresis. A mutation in 
AQP3 that results in a dysfunctional protein could cause inap­
propriate excretion of urea and a reduced concentrating ability 
of the kidney. In cases of unexplained polyuria in combination 
with high urea excretion, AQP3 malfunction should be consid­
ered as a possible candidate for this manifestation.
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Note added in proof
Ishibashi et al. (1995) mapped the human 
AQP3 gene to chromosome 7q36.2-»q36.3 but 
after hybridization with another human AQP3 
genomic clone and cDNA, they confirmed our 
localization to 9p.
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